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Background: Outpatient cardiac rehabilitation (OP-CR) is a highly beneﬁcial program but vastly under utilized.
Methods: The efﬁcacy of a text-messaging programwas analyzed to determine if implementation could improve
number of OP-CR sessions completed. All patients enrolled in OP-CR from July 2011 through December 2012
were invited to join a text-messaging programon theirﬁrst visit. The program required that the patient possesses
a cell phone with texting capabilities. Participants received three to ﬁve text-messages per week offering
heart-healthy tips and requests for bodyweight, minutes of exercise, blood pressure, andmedication adherence.
Patients enrolled (n = 52) in the texting program (Tx) were compared with those who were not (n = 185)
(NTx) in several clinical indices and were compared using matched pairs (same subjects), comparison of
means and frequencies, chi-square statistics, t-tests, and the Wilcoxon Rank Sum test.
Results: Signiﬁcantly more patients in the Tx group completed the OP-CR program (61.5% versus 50%, p=0.01).
For those completing OP-CR, subjects in the Tx group completed signiﬁcantly more sessions (31.4) than the
NTx group (25.3) (p = 0.01). Additionally, signiﬁcantly more in the Tx group were younger than those in the
Ntx group.
Conclusions: Patients enrolled in OP-CR who participated in a text-messaging program were younger, attended
signiﬁcantly more sessions and were signiﬁcantly more likely to complete the program.© 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Cardiovascular disease, of which coronary artery disease is themajor
form, is the most common cause of death in the United States [1] and
worldwide [2]. The annual direct and indirect cost of cardiovascular
disease and stroke in the United States is estimated to be $315.4 billion
[3]. It is also the leading cause of loss of disability-adjusted life years
worldwide [4].
Outpatient cardiac rehabilitation (OP-CR) is an evidence-based,
cost-effective, multidisciplinary program of individual patient risk fac-
tor assessment and management, exercise training, and psychosocialCity, IA 52246, United States.
).
eliability and freedom from bias
land Ltd. This is an open access articlsupport for patients with heart disease. The primary goals of OP-CR in-
clude reduction of modiﬁable risk factors aswell as increasing function-
al capacity and quality of life. Outpatient CR is recommended by the
American Heart Association (AHA) and the American College of
Cardiology Guidelines for a number of diagnoses including myocardial
infarction (MI), percutaneous coronary intervention (PCI), and coronary
artery bypass surgery (CABG) [5–10]. In 2014, OP-CR services were ap-
proved for patients with systolic HF by the Center for Medicare and
Medicaid Services [11]. Among the numerous beneﬁts, evidence has
demonstrated that OP-CR reduces mortality by 12% to 34% [5–7,9,10].
While the beneﬁts of OP-CR arewell documented, certain challenges
remain. Outpatient-CR is underutilized with estimates of eligible pa-
tients participating ranging from 14–31% [12] to 80.7% for patients
with myocardial infarction [13]. Barriers to participation are numerous
and include factors such as a patient's difﬁculty in attending OP-CR ses-
sions [14]. Long-term adherence to risk factor modiﬁcation and a
healthier lifestyle for those participating in OP-CR is also a challengee under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
171P. Lounsbury et al. / IJC Heart & Vasculature 7 (2015) 170–175for a signiﬁcant number of patients. Conversely, it is well documented
that patients who complete more OP-CR sessions have better outcomes
compared to thosewho complete fewer sessions [15]. This ﬁnding high-
lights the importance of continued communication and engagement
with participating patients. Given the present OP-CR model struggles
with certain issues including attendance and long-term compliance,
consideration of a paradigm shift aimed at improving outcomes seems
warranted. In fact, a recent AHA Presidential Advisory called for a
reengineering of OP-CR to enhance access, adherence, and effectiveness
[16]. The current study assesses the ability of mobile technology to im-
prove compliancewith healthy lifestyle behaviors in patients participat-
ing in OP-CR.
2. Methods
2.1. Participants
The current study is a retrospective analysis on all patients enrolled
in the OP-CR at the University of Iowa from July 12, 2011 through
December 31, 2012 (n = 237) comparing those who voluntarily en-
rolled (n = 52) (Tx) to those who declined to enroll (n = 185) (NTx)
in a text-messaging program on admission to OP-CR. The Tx program
required that participants have a cell phone with texting capabilities.
The majority of patients were referred to the OP-CR program from the
inpatient CR program at the University of Iowa, having been hospital-
ized prior to referral. The inpatient CR staff obtained physician referrals
for all eligible patients.
Informed consent was obtained for each patient to participate in
OP-CR, as well as those participating in the Tx program. Concerning in-
formed consent for this study, the University of Iowa Institutional
Review Board (IRB) determined that IRB review was not required, be-
cause the analysis of data from the de-identiﬁed JMP (version 8 SAS®
Institute) database, into which all the data for this study were entered
and later data transferred to Excel for analysis, does not meet the regu-
latory deﬁnition of research involving human subjects.
2.2. Testing, assessments, training, education
On theﬁrst session inOP-CR, all patientswere evaluated individually
with a diagnostic quality electrocardiographic (ECG) exercise test from
which the exercise prescription was developed. All patients were ad-
ministered the Patient Health Questionnaire (PHQ9) [17] assessments.
All tests were repeated on the ﬁnal session of OP-CR as well as at
three-month follow-up. All patients were weighed on each visit with
height checked on the ﬁrst visit in order to determine the body mass
index (BMI). All patients had lipids evaluated four to six weeks post
event and as ordered throughout the OP-CR program. Patients were en-
couraged to complete 36 sessions. Indigent patients on a special state
program were allowed only six sessions. All participants met with the
registered dietitian and stress management counselor andwere strong-
ly encouraged to attend all patient education classes, offered before or
after their exercise sessions, including stressmanagement, dietarymod-
iﬁcation,medication and other treatmentmodalities, and pathophysiol-
ogy of heart disease.
2.3. Text messaging program
Text messages were sent three to ﬁve times per week and consisted
of heart-healthy tips, requests for weight and BP input, minutes of exer-
cise per day, and medication adherence. Participant responses were
graphed and staff was notiﬁed of abnormal BP measurements and/or
when a participant had not responded for 30 days. Fig. 1 illustrates
data the OP-CR staff could observe online when logged in to the
HealthCrowd site, which was password-protected. While messages
are sent by the vendor, any staff member can interact with all patients
or with individual patients as desired. Staff members of the OP-CRprogram were able to access the site as often as desired; at least one
staff member did so at least twice per day. Individual patient data was
accessible with name selecting his/her name (Fig. 2).
2.4. Statistical methods
Data from the two groups (Tx and NTx) were presented and com-
pared in severalways. Categorical variableswere presented as a number
and percent of subjects and were compared using chi-square statistics.
Continuous variables were displayed asmean, standard deviation, min-
imum and maximum. Normally distributed variables were compared
using t-tests. Continuous variables that were not normally distributed
were compared using the Wilcoxon Rank Sum test. The following
were assessed: 1) gender, 2) age, 3) diagnoses, 4) days post event,
5) presence of diabetes mellitus (DM), 6) smoking status, 7) number
of sessions completed, 8) whether or not the OP-CR programwas com-
pleted, 9) risk stratiﬁcation, 10) complications during exercise sessions,
11) whether or not the patient was indigent, 12) functional capacity,
13) PHQ9 depression inventory, and 14) SF-36v2®. Microsoft® Excel®
for Mac 2011 (version 14.4.8) was used for all comparisons. All statisti-
cal tests with a p-value b0.05 were considered signiﬁcant.
3. Results
3.1. Signiﬁcant differences
There were signiﬁcant differences between the two groups in the
following three categories:
Age. The proportion of younger (b70 years) subjects differed signiﬁ-
cantly between the two groups: 94.2% of the Tx group was b70 years
of age compared with 75.7% of the NTx group (p= 0.0033).
Sessions completed. To assess the number of sessions completed by
each group, the Wilcoxon Two-Sample Test was done; normal ap-
proximation (Z=1.9219; two-sided Pr N [Z]=0.0546). The number
of sessions completed in the Tx group (mean: 20.9) trended toward
statistical signiﬁcance (p = 0.055) compared to the NTx group
(mean 16.21). It is important to note that in the 17 months prior to
this analysis, the mean number of sessions completed was 17.99
(n = 144) for all patients who completed the OP-CR program. For
patients completing the program, see below.
Program completion. In the Tx group, 61.5% of patients completed the
program,whichwas signiﬁcantlymore (p=0.01) than the 50.27% in
theNTx groupwho completed the program (Fig. 3). It is important to
note that in the 17 months prior to the study only 46.5% of patients
completed the program. For those patients b70 years of age, only
44.9% completed the program in the 17 months prior to the study.
Moreover, of those who completed the OP-CR program, as opposed
to patientswho quit the program, patients in the Tx group completed
signiﬁcantly more sessions (mean = 31.4) compared to the NTx
(25.3) group (p= 0.01).
The increase in number of sessions resulted in increased revenue
and the return on investment was favorable at approximately 6:1
(Tx generated $108,680 in net income compared with NTx at
$84,240 per year. The cost of the program was approximately
$4400 per year).3.2. Non-signiﬁcant differences
There were non-signiﬁcant differences between the two groups in
the following six categories:
Fig. 1. Example of what the cardiac rehabilitation staff visualizes after logging in to HealthCrowd site. Top graph, left illustrates participation rate. “Alerts” (lower left) illustrates abnormal
BP and notiﬁcations of patients who have not responded. “Statistics” (lower center) illustrates total messages sent to date, number of patients and number of messages received. The
“Activity Feed” illustrates messages sent (lower right) and participants who have responded to the statement sent to all patients, “Happy Monday! Did you know that one less sugared
soda or bag of chips a day equals 15–20 lbs/year? Please text us your weight (in lbs) today.” The responses for each patient are then graphed.
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groups: 26.9% of the Tx group and 29.2 of the NTx group. The differ-
ence between the two groups was not signiﬁcant (p= 0.7496).
Smokers. The rate of current smokers did not differ signiﬁcantly be-
tween the two groups: 21.6% of the Tx group was current smokers
compared with 25.0% of the NTx group (p= 0.6129).
Diagnoses. Analysis of patients by diagnoses revealed no signiﬁcant
differences with any of the diagnoses (for all, degree of freedom =
1). For patients with a conﬁrmed diagnosis of an MI (n = 83),
28.85% and 36.76% were in the Tx and NTx groups, respectively.
This was not statistically signiﬁcant (chi-square = 1.1162, p =
0.2907). Patients who underwent a PCI without MI or CABG (n =
111) did not differ in the Tx and NTx groups (44.23% vs. 47.57%;
chi-square 0.1815, p=0.6701). Patients who underwent CABGwith-
outMI or PCI (n=40) did not differ in the Tx andNTx groups (13.46%
vs. 17.84%; chi-square 0.5541, p=0.4566). Those patients with a di-
agnosis of stable angina, without MI, PCI, or CABG (n = 29) did not
differ in the Tx and NTx groups (17.31% vs. 10.81%; chi-square
1.5954, p= 0.2066).
Return for follow-up: Therewasnodifference in the percentage of pa-
tients who returned for follow-up evaluations in the two groups;
only 11.54% of the Tx group and 9.73% of the NTx group returned
for follow-up evaluations (Chi-Square: degree of freedom 1;
0.1459; p= 0.7025).Improvement inmetabolic equivalent units (METs): Only patientswho
ﬁnish the OP-CR programundergo a ﬁnal exercise test. Of thosewho
completed the program, both the Tx and NTx groups had signiﬁcant
increases in peak METs. The Tx group increased from 5.62 METs
(n = 52) to 9.58 METs (n = 30), a 70% increase. The NTx group in-
creased from 5.03 METs (n= 184) to 8.28 (n= 92), a 65% increase
in METs (Fig. 4).
Decrease in depression. The PHQ9 depression inventory indicated
that both Tx and NTx had a signiﬁcant decrease in scores, but there
was not a signiﬁcant difference between the Tx and NTx groups. Tx
group (n = 51) on admission had a mean score of 6.57, while the
NTx (n = 176) had a mean score of 7.12. On completion, Tx
(n = 30) had a mean score of 3.3 while the NTx (n = 86) had a
mean score of 3.09.
4. Discussion
The results of the present study indicate that the addition of text
messaging program is cost-effective and signiﬁcantly improves
outcomes and compliance in conjunction with a traditional OP-CR pro-
gram. Currently, little is known regarding the use ofmobile applications
to improve outcomes from and compliance with OP-CR [18]. Beatty, et
al. [18] reviewed three published studies [19–21] involving the use of
mobile phone technology for the delivery of OP-CR. These studies
Fig. 2. Example of an individual patient. In the top left graph, every time patient had enteredminutes of exercise, it was graphed. The graph of blood pressure (BP) is not populated because
the patient does not have a home BP unit. The lower left graph indicates that medications were taken (blue). In the second-to-last bar, which is red, indicates he did not take his medi-
cations. Text messages indicate that he had forgotten, but after being reminded, he took his medication. The lower right graph indicates his weight. The spikes in weight indicate when
he was traveling and was the measures were questionable. In the text at right, messages to and from the patient are indicated.
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supported the feasibility and acceptability of the use of mobile technol-
ogy for patients in OP-CR [18]. They concluded that new strategies for
promoting participation in OP-CR are necessary and that initial evi-
dence supports the use of mobile technology for patients in OP-CR
with ischemic heart disease [18].
Mobile technologies have the potential to overcome barriers associ-
ated with OP-CR, serving as a useful tool for increasing participation as
well as long-term compliance [18,22]. Mobile phones are themost com-
monly used form of technologyworldwide and have the potential to in-
ﬂuence large populations [23]. In many high-income countries, theProgram Completion0.0%
20.0%
40.0%
60.0%
80.0%
Text
Non-Text
61.5%
50.3%
Program Completion
Text
Non-Text
*p=0.01
Fig. 3. Program completion. Signiﬁcantly more patients in the texting program (61.54%)
than non-texting (50.27%) completed the program. It should be noted that in the
17 months prior to the study, only 46.5% of all patients completed the program. For pa-
tients b70 years of age, only 44.9% completed the program.number of mobile phone subscriptions outstrips the population [24].
In low-income countries, mobile communication is the fastest growing
sector of the communication network and the coverage, geographically,
is high [25–28]. Moreover, in recent years, the world has experienced a
signiﬁcant expansion of internet availability and use, becoming a popu-
larmeans of delivering interventions useful in health promotion aswell
as the treatment of non-communicable diseases [29]. The use of these
technologies is able to inﬂuence health behaviors in real time [30] to a
wide segment of the population [18,31].
The impact of amobile application on health outcomesmust include
participation in OP-CR sessions [32,33], physical activity, exercise capac-
ity, cardiovascular risk factors, patient-reported health status [18], and
other factors. OP-CR is amode of diseasemanagement and several stud-
ies have investigated the use of mobile technologies in disease
management, but not speciﬁcally OP-CR. Ameta-analysis of 59 trials in-
vestigating the use of mobile technologies to improve disease manage-
ment and 26 trials that investigated the use of mobile technologies to
change health behaviors found that text messaging interventions in-
creased adherence to smoking cessation and antiretroviral therapy. All
trials were conducted in high-income countries. Seventeen trials
aimed to increase physical activity and/or reduce caloric intake [34]. Op-
timal treatment of chronic disease requires involvement of patients in
managing their disease and their deciding whether to adhere to pre-
scribed treatment and when to seek healthcare [35]. The mobile tech-
nologies are a means of providing this individualized support to
patients to increase healthy behavior and improve diseasemanagement
[34].
To our knowledge, no studies to date have been reported on the use
of mobile technology exclusively for patients with coronary heart dis-
ease, which generally encompass an older population. Furthermore,
no research has been published to date about mobile health interven-
tions to promote medication adherence among acutely ill patients
who were recruited from a hospital setting. The potential for mobile
phone use in health care is currently being deﬁned and remains a
0
1
2
3
4
5
6
7
8
9
10
1st Test Final Test
5.62
9.58
5.03
8.28
Text
Non-Text
Mean METs First, Last Sessions: Text, Non-Text
Fig. 4.MeanMETs achieved on theﬁrst and ﬁnal sessions. Both Tx andNTx had signiﬁcant increases in peakMETs on ﬁrst andﬁnal sessions (p=0.0001). The Tx group increased 70%, from
5.62 METs (n = 52) to 9.58 METs (n = 30), whereas the NTx group increased 65%, from 5.03 (n = 184) to 8.28 METs (n = 92). Wilcoxon scores (rank sums) for variable METs were
classiﬁed by variable, Tx. Average scores were used for ties. For the ﬁrst test, normal approximation: Z 2.2889; two-sided Pr N [Z] 0.0221. METs for the ﬁnal test: Z 1.8894; two-sided
Pr N [Z] 0.0588.
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applications replace traditional OP-CR services. Rather, the impact of a
mobile application on health outcomes enhances outcomes and compli-
ance associated with participation in traditional OP-CR [18,32,33].
5. Limitations
The current study was a retrospective analysis of a cohort undergo-
ing standard clinical care. Thus, subjects were not randomized, creating
a potential concern for self-selection bias. Future research is needed to
examine the value of text messaging programs using a prospective, ran-
domized design.
Moreover, this study did not examine the role that texting in OP-CR
has on decreasing subsequent hospitalization due to improved disease
management and risk factor modiﬁcation. Following patients for longer
periods will allow this assessment.
6. Conclusion
Patients who participate in a text-messaging program in OP-CR are
younger, attend more sessions, and are more likely to complete OP-CR
than patients who do not participate in texting.
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